Introduction
Polymer adsorption is an interesting phenomenon with wide applications in, e.g., the composite and coatings industry. An understanding of the molecular origins of the adsorption phenomenon is of importance in optimizing processes in these industries.
Classical approaches to study polymer adsorption build on work performed on bulk lattice 1,2 and continuum fluids. 3, 4 Well-known lattice-based adsorption theories are those of Helfand 5,6 and Scheutjens and Fleer. [7] [8] [9] An important aspect of these theories is that they account for the changes in conformational entropy of the molecules in the interfacial region. Well-known theories that consider the adsorption of a continuum space polymeric fluid at a solid wall are the theories of Helfand 10 and Hong and Noolandi. 11 These continuum approaches use Gaussian random walk (GRW) chain statistics to describe the polymer chain conformations in the interfacial region. GRW chain statistics apply in the bulk of dense onecomponent fluids 12 but are not suited for situations that deviate strongly from the bulk circumstances. Hence, the theories of refs 10 and 11 are less suited in cases where strong wall-fluid interactions cause the interfacial region to be very different from the bulk of the fluid.
In this paper we investigate an approach to the polymer adsorption phenomenon that does not build on the work of refs 1-4. It is based on integral equations that describe the correlations of the fluid particles with the adsorbing wall. Work along this line has been presented previously in refs 13-16 in which the adsorption of monatomic spherical particles was considered. Only the integral equation study of Yethiraj and Hall 17 considered the adsorption of large flexible polymeric molecules. Their method to calculate the adsorption profiles of a continuum space polymeric fluid near a solid impenetrable wall is based on the polymer-RISM theory. 18, 19 This theory is primarily designed to explain the packing effects present in dense continuum space fluids. Yethiraj and Hall indeed found that their predictions for athermal systems are in excellent agreement with Monte Carlo (MC) simulations provided the bulk density was high enough to dominate the ordering of the fluid near the wall, i.e., in the absence of a depletion layer. In the case where depletion is important, i.e., for high molecular weight fluids or at lower bulk density, better results for the adsorption profiles are obtained via the off-lattice self-consistent field (SCF) theory of Björling and Linse. 20 However, this SCF theory only captures qualitatively the layering ("packing") that occurs at high densities.
In the work presented here we apply the method of Yethiraj and Hall to calculate the adsorption profiles, i.e., the fluid density as a function of distance from the wall, of a cubic lattice fluid. This allows for direct comparison to the results obtained with a classical SCF lattice model, the Scheutjens-Fleer adsorption theory. 7 Furthermore, we have compared the profiles to Monte Carlo simulation data at constant number of particles, pressure, and * Author to whom correspondence should be addressed. X Abstract published in Advance ACS Abstracts, April 15, 1997.
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(2) Huggins, M. L. J. Chem. Phys. 1941, 9, 440. ( temperature (NpT). We have also used the adsorption profiles obtained with the integral equation formalism to obtain an equation of state (EoS) of the bulk fluid via a method of Dickman. 21 The results for the EoS are also compared to simulation data. The outline of the rest of this paper is as follows. In section 2.1 the method of Henderson, Abraham, and Barker (HAB) 13 for introducing a flat wall in an integral equation formalism is applied to a discretized version of the polymer-RISM equation. The HAB method is particularly easy to employ in our case of a cubic lattice fluid. The principal results of section 2.1 are expressions for the adsorption profiles and isotherms of a one-component polymeric lattice fluid consisting of linear chains. In section 2.2 the solution procedure is briefly outlined. It is particularly easy to employ and boils down to solving two equations in two unknowns via a Newton-Raphson scheme. In section 2.3 we very briefly recapitulate a method developed by Dickman to extract an EoS of the bulk lattice fluid from the adsorption profiles. In section 3 the NpT -MC simulation is briefly considered. Thus far, we only performed simulations for 30-mers at a noninteracting wall. Fluids with segmental interaction energies of u attr ) -0.0k B T and -0.2k B T have been considered. The adsorption profiles that are obtained from the simulations were extracted from runs previously used to assess the bulk structural and EoS properties of the polymeric lattice fluids. 22, 23 In section 4 the results for the adsorption profiles and EoS are presented, compared, and discussed. Conclusions are collected in section 5.
Polymer-RISM Theory for Lattice Fluids near
a Solid Wall 2.1. Outline of the Method. In this section the discretized version of the polymer-reference interaction site model (RISM) equation, 24 considered previously in refs 22 and 23, is modified to enable the calculation of the adsorption profiles of polymeric lattice fluids at an impenetrable wall. The method 13 was originally used to study the behavior of a simple continuum fluid near an impenetrable wall and was later applied to study adsorption within the polymer-RISM theory. 17 The general principle of the method is as follows. First, the polymer-RISM equation for a mixture of two molecule types, simple monatomic particles and polymeric molecules, is written down. Secondly, the concentration of the simple fluid particles is reduced to zero to ensure that these particles do not influence each other. In a last step, the simple particles are extended in two directions such that they turn into a wall. Then, construction of the adsorption profile of the polymer molecules at the wall amounts to calculating the correlations between the wall and an average polymer segment. From the adsorption profile the amount of adsorbed material can be quantified by construction of an adsorption isotherm. Consider a mixture of two particle types, simple monatomic particles that occupy exactly one lattice site and linear polymer chains. The chains consist of s covalently bonded segments that occupy consecutive sites on a cubic lattice. The monatomic particles and the segments of the polymer molecules interact via nearest neighbor potentials given by where {i,j} ∈ {1,2} denote the particle type: i ) 1 corresponds to a monatomic particle and i ) 2 to a segment of a polymer chain. The structural correlations present in such a mixture can be studied with the polymer-RISM equation for mixtures. It can conveniently be written down in matrix form, and on the 3D cubic lattice it is given by 18, 22 in which Ĥ , Ω , and Ĉ , are 2 × 2 matrices with elements η mi η mj ĥ ij (u,v,w) , η mi δ ij ω i (u,v,w) , and ĉ ij (u,v,w) . The symbols η m1 and η m2 denote respectively the packing fractions of monatomic particles and of the segments of the polymeric molecules. The Kronecker delta, δ ij , has a value 1 if i ) j and 0 otherwise. The ĥ ij (u,v,w) , ω i (u,v,w) , and ĉ ij (u,v,w) represent respectively the total intermolecular twoparticle correlation function, the intramolecular twoparticle distribution, and the direct correlation function. 18 The ĥ ij (u,v,w) ,ĉ ij (u,v,w) , and ω i (u,v,w) are written in 3D Fourier space, defined by with f ) h, ω, or c. equation 3 is only valid if the symmetry conditions f(l,m,n) ) f ((l,(m,(n) apply. The real space analogs of ĥ ij (u,v,w) , ω i (u,v,w) , and ĉ ij (u,v,w) can be found via inverse transformation
The meaning of the real space direct correlation function, c ij (l,m,n), is merely mathematical, in contrast with h ij (l,m,n) and ω i (l,m,n). The total intermolecular correlation function, h ij (l,m,n), is related to the probability P ij (l,m,n) of finding a particle j at distance (l,m,n) from another particle i that is part of a different molecule, via P ij (l,m,n) ) η mj -(h ij (l,m,n) + 1). The ω i (l,m,n) is the intramolecular twoparticle distribution function. For the monatomic particles the only nonzero term is ω 1 (0,0,0) ) 1, but in the case of flexible polymer molecules ω 2 (l,m,n) does give the packing fraction of segments located at (l,m,n) from an average segment belonging to the same molecule. If the polymer molecules are considered to be random flights, which is a reasonable first approximation, 12,24 then ω 2 (u,v,w) is given by 22, 25, 26 in which τ (u,v,w) ) (cos u + cos v + cos w)/3 is the Fourier transform, eq 3, of the one-jump probability (21) 
From eq 6 it is clear that only jumps between nearest neighbor sites are allowed in our model. The discretized polymer-RISM equation eq 2 can be used to study the structural properties of polymer mixtures on a cubic lattice if the monatomic particles 1 are replaced by a second type of polymer molecules (see, e.g., refs 18 and 27-30), but in this work eq 2 is used to study the adsorption of a polymeric lattice fluid at a flat wall. For that purpose we perform the matrix multiplications in eq 2 and take the limit η m1 f 0. A set of four equations results. It is given by for {i,j} ∈ {1,2}. The particles of type 1 are monomers, thus from ω 1 (0,0,0) ) 1 and eq 3, we have ω 1 (u,v,w) ) 1.
For ij ) 11, eq 7 describes the correlations between the simple fluid particles in the mixture. This is of no interest to us here: the concentration of simple fluid particles η m1 was reduced to zero to exclude encounters of such particles, which guarantees that the other correlations in the mixture are independent of the correlations between the simple fluid particles. For ij ) 12 or 21 eq 7 denotes the correlations between a simple fluid particle and a polymer segment, and finally, for ij ) 22 eq 7 governs the correlations occurring between two average segments of two different polymer molecules. In that case eq 7 is identical to the discretized polymer-RISM equation. [22] [23] [24] It determines the bulk structural properties of the polymeric molecules of type 2 and can be solved separately from the three other equations in eq 7 along the lines presented in refs 22 and 23. The results for the bulk structural quantities of the polymeric fluid, ĥ 22 , ĉ 22 and ω 2 , are subsequently used as input quantities in the calculation of the adsorption profile of the polymeric fluid from eq 7 with ij ) 12. (Alternatively we can also take ij ) 21.) Equation 7 (with ij ) 12) is written in real space form with the help of eq 4 as
The monatomic particle 1 can now effectively be extended in m and n direction by removing the m and n coordinates in the arguments of h 12 (l,m,n) and c 12 (l,m,n): only the l distance to particle 1 remains to be a positional parameter, and therefore, the particle turns into a wall. 13 Hence, from eq 8 we obtain
Note that the creation of a wall is particularly easy on the cubic lattice, which is due to the independence of l, m, and n. eq 9 is the discretized version of the equation that was used in ref 17 to study the adsorption behavior of continuum space polymeric fluids. To obtain the distribution of an average polymer segment with respect to the wall, eq 9 has to be combined with a closure equation.
Here we apply the Percus-Yevick closure. In 1D form it is given by 31
where u 12 (l) is the wall-fluid interaction potential. It is given by eq 1 for i ) 1 and j ) 2 upon removal of the m and n dependence in that equation. Note that the wallfluid interaction is of nearest neighbor type. In eq 10, g 12 (l) denotes the segmental distribution with respect to the wall. Its calculation is the objective of the work presented here. The g 12 (l) and h 12 (l) are related as
From the adsorption profile of the polymeric lattice fluid, η m2 g 12 (l), an adsorption isotherm, Γ(η m2 ), is constructed as where l bulk is taken sufficiently large for the summation to reach into the bulk region of the polymeric fluid. Note that η m2 h 12 (l) is the excess amount of adsorbed material relative to the bulk. The method presented in this section is also suitable to study competitive adsorption for two or more molecule types. 32 In that case the number of molecule types in the matrix of eq 2 has to be extended, but the general procedure is not changed. Here we are only interested in a first test of the lattice formalism and we have only studied onecomponent fluids consisting of linear polymer chains.
2.2. Solution procedure. Equations 9-11 form a complete set of equations from which the adsorption profile, η m2 g 12 (l), and adsorption isotherm, Γ(η m2 ), can be constructed if the bulk structural properties of the polymeric fluid, ĥ 22 (u,v,w) and ω 2 (u,v,w), are known. These quantities have already been obtained in refs 22 and 23.
The set of eqs 9-11 are conveniently solved in 1D-Fourier space, defined by with inverse With help of eq 13 we can write eq 9 as where ĥ 22 (u,0,0) and ω 2 (u,0,0) are 3D-Fourier series, given by Eq 3 for v ) w ) 0. We do not have to take Fourier sine terms into account in eq 13, because blowing up particle 1 does not violate the symmetry relation h 12 (l) ) h 12 (-l). In eq 15 we replace ω 2 (u,0,0) + η m2 ĥ 22 (u,0,0) by ω 2 (u,0,0)/(1 -η m2 ω 2 (u,0,0)ĉ 22 (u,0,0)) (see eq 7 for ij ) 22), which is convenient due to the short-ranged character of the direct correlation function ĉ 22 (u,v,w) . Combination of eq 15 with the 1D-PY closure, eq 10, thus results in two equations in the unknowns c 12 (0) and c 12 (1 g 12 (0) ) 0 c 12 (l) ) g 12 (l)(1 -e u 12 (l) ) l g 1 (10)
h 12 (l) ) g 12 (l) -1 (11)
h 12 (u) ) (ω 2 (u,0,0) + η m2 ĥ 22 (u,0,0)) c 12 (u) (15) τ(l,m,n) ) 0 otherwise (6)
h 12 (l,m,n) ) ∑ l′,m′,n′
(ω 2 (l′,m′,n′) + η m2 h 22 (l′,m′,n′)) c 12 (l-l′,m-m′,n-n′) (8)
h 12 (l) ) ∑ l′,m′,n′
(ω 2 (l′,m′,n′)+η m2 h 22 (l′,m′,n′))c 12 (l -l′)
in which, from eqs 10 and 13, c 12 (u) ) c 12 (0) + 2c 12 (1) cos u. Equation 16 is solved numerically with a combined Newton-Raphson 1D quadrature routine. Once c 12 (0) and c 12 (1) are found, the wall-segment correlations are obtained from (See eqs 14 and 15.) From eq 16, the adsorption profile of an athermal monomeric fluid is found to be It can be shown that this result is exact. 23 Note from eq 18 that the influence of the wall reaches only one layer deep into the athermal monomeric fluid.
2.3. The Wall Equation of State. Dickman 21,33 has presented a method to calculate the EoS of a polymeric lattice fluid from its adsorption profile at a repulsive wall. It is an alternative to the pressure route 34,35 which is not valid for lattice fluids. 21 The lattice wall EoS reads where v 0 is the volume of one lattice site and φ ) eu 12 (1) . In the derivation of eq 19, the overall potential energy of the system is divided in a bulk part containing the restrictions which define the chain connectivity and prohibit segmental overlaps, and in a part U 12 caused by the wall-fluid interactions. If U 12 is further decomposed (which is possible without approximation) into separate nearest neighbor wall-segment interactions u 12 (1), one obtains eq 19. 21 The integration limits (φ ) 0 and φ ) 1) in eq 19 correspond respectively to a wall with an infinitely strong repulsive nearest neighbor interaction and to a noninteracting wall. Equation 19 was originally used to extract the EoS of a lattice fluid from NVT MC simulation data. Here we use it to obtain an alternative route to the EoS within the framework of section 2.1. Results for the wall EoS will be presented in section 4.
Monte Carlo Simulations
In previous work 22,23 we reported NpT MC simulations from which the bulk two-particle distributions, h 22 (l,m,n) and ω 2 (l,m,n), and the EoS of 30 meric cubic lattice fluids with segmental interaction energies of u attr ) -0.0k B T and -0.2k B T were obtained. The simulation method is based on work by Madden 36 and considers a polymer slab condensed between a flat wall and a solid piston. Apart from the bulk properties, the method also produces the adsorption profiles of the fluids at the flat wall. Here, we use these profiles for comparison to the adsorption profiles calculated with the polymer-RISM and Scheutjens-Fleer theory. Thus far, only nonattracting walls are considered.
Results and Discussion
4.1. Adsorption Profiles. We start by making a few general remarks about the Scheutjens-Fleer (SF) theory. 7, 37, 38 It is an extension of the Flory-Huggins mean field lattice theory 1 in which a preaveraging of polymer concentrations in the layers parallel to the adsorbing wall takes place (mean field approximation). All possible molecular conformations are accounted for by a matrix method that calculates the probability of each molecular conformation to occur near the wall. The matrix method accounts for compositional differences between the layers that occur due to the presence of the wall and that propagate via the chain-connectivity and segmental interaction energies. 7 The SF theory, contrary to the method of section 2.1, allows for conformational changes of the adsorbing molecules. The method is called selfconsistent, for the distribution of the molecules over the layers is found by a minimization of the overall free energy of the adsorbing fluid. Its mean field (MF) approximation is physically plausible at higher bulk packing fractions but seems invalid at lower packing fractions. Therefore, it is interesting to compare the SF theory to the approach of section 2.1, which does not adopt a MF approximation. Another reason for us to compare the abilities of the approach of section 2.1 to the SF formalism is the simplicity of the integral equation approach: it only takes solving eq 16 to obtain g 12 (l) via eq 17, whereas in the SF formalism a coupling of several equations for each layer makes the numerical solution of these equations more complicated.
In this paper, we refer to the original SF formalism, 7 although more sophisticated versions that use a different discretization of space or partially account for the intramolecular excluded chain volume via a rotational isomeric state (RIS) scheme 39,40 exist. Note that comparison to the SF formalism that uses a RIS scheme would be more appropriate if the (RF) intramolecular distribution of eq 5 is replaced by a nonreversal random walk (NRRW) intramolecular distribution.
In Figures 1 and 2 , some adsorption profiles of linear 30 mer lattice polymeric chains at a noninteracting wall are shown. In Figure 1 , u attr ) -0.0k B T and η m2 is 0.2074 (b, and lower lines) and 0.6865 ([, and upper lines). In Figure 2 , u attr ) -0.2k B T and η m2 is 0.2940 (b, lower lines) and 0.7262 ([, and upper lines) . The symbols in the figures are obtained from MC simulations, the dashed lines from the SF theory, and the full lines from the method outlined in section 2.1. We have drawn lines through the calculated profiles to distinguish between theoretical and simulation data.
The MC points in Figures 1 and 2 -1 ) 1 2π ∫ -π π ω 2 (u,0,0) 1 -η m2 ω 2 (u,0,0)ĉ 22 (u,0,0) c 12 (u) du c 12 (1)/(1 -e u 12 (1) ) -1 ) 1 2π ∫ -π π ω 2 (u,0,0) 1 -η m2 ω 2 (u,0,0)ĉ 22 (u,0,0) c 12 (u) cos u du (16) h 12 (l) ) 1 2π ∫ -π π ω 2 (u,0,0) 1 -η m2 ω 2 (u,0,0)ĉ 22 (u,0,0) × c 12 (u) cos lu du (17) h 12 (0) ) -1 h 12 (1) ) -
four cases. In Figure 1 , where results for an athermal fluid near a noninteracting wall are depicted, the depletion is of purely entropic origin: an average segment of a polymeric molecule has a reduced probability of being close to the wall, due to chain-connectivity constraints. In Figure 2 , the depletion is increased, when compared to the corresponding packing fractions in Figure 1 , due to the cohesive energy of the bulk fluid: apart from the entropic restrictions that the molecules experience in the vicinity of the wall, there is an additional depletion because the wall prevents the molecular segments close to the noninteracting wall to form energetically favorable (u attr ) -0.2k B T) segmental interactions. Note from both figures that the depletion hole is deeper at lower bulk packing fractions: at higher bulk packing fractions the polymeric material is "pushed" to the wall, and in the limit η m2 f 1, the simulations will show a completely flat adsorption profile, g 12 (l) ) 1 for all l, corresponding to a complete absence of wall-fluid correlations.
From the figures it is seen that the SF theory performs very good at high packing fractions (upper dashed lines), which was to be expected because the MF approximation is most appropriate for dense fluids, and still reasonably well at lower packing fractions (see also Figure 3 ). The polymer-RISM theory performs less well at high packing fractions: from the upper full lines in Figures 1 and 2 it is seen that for both the athermal fluid and the fluid with u attr ) -0.2k B T, the depletion at the wall is severely overestimated. The absence of possibilities to change the form of the molecules in the interfacial region will certainly be of influence on this failure, but as will become apparent soon, the absence of excluded volume in the RF intramolecular distribution ω 2,RF (u,v,w) is more important. The underestimation of the depletion at the lower packing fractions (lower full lines in Figures 1 and 2 is also due to the use of this deficient ω 2,RF (u,v,w) , but before such is discussed we first present an overview of the behavior of the polymer-RISM and SF theory in Figure 3 .
In Figure 3 , we have plotted the normalized packing fraction in the layer closest to the wall, g 12 (l), versus the bulk packing fraction, of an athermal (b) and interacting (9, u attr ) -0.2k B T) 30 mer fluid for the polymer-RISM (full lines) and the SF formalism (dotted lines). The symbols are the results of Monte Carlo simulations. The upper full and dotted lines are for the athermal fluid, and the lower full and dotted line are for the interacting fluid.
First, we consider the SF results. It is seen that the η m2 dependence of g 12 (l) displayed by the dotted lines is reasonably accurate for η > 0.5. The SF theory shows the physically correct full packing limit g 12 (l) ) 1 at η m2 ) 1. At low packing fraction (η m2 < 0.5) the SF theory is less accurate, although still reasonable. We expect that better results can be obtained by using the RIS scheme of ref 39 or by adopting a higher order MF approximation within the layers.
The predictions of the polymer-RISM theory of section 2.1 (full lines) are further off the simulation results than the SF lines in Figure 3 . The full lines clearly show that the dependence of g 12 (l) on η m2 is too weak: the g 12 (l) is overestimated at low η m2 and underestimated at high η m2 .
The incorrect high and low density limits of g 12 (l) in the polymer-RISM theory are mainly due to the absence of excluded volume in the random flight intramolecular distribution function, ω 2,RF (u,v,w) . At high packing fraction this is seen most easily. Due to the occurrence of intramolecular segmental overlaps, there are unoccupied and doubly occupied sites, even if the lattice is fully packed with polymeric molecules. Hence, the sum of the interand intramolecular correlations in the bulk of the fluid, ω 2 (l,m,n) + η m2 h 22 (l,m,n), is not equal to zero, although this is the physically correct value for a fully packed lattice. 22 As a result, there still is a depletion at the wall for η m2 ) 1: it is seen from eq 9 that the physically correct adsorption profile h 12 (l) ) 0 is only obtained if ω 2 (l,m,n) + η m2 h 22 (l,m,n) ) 0. In ref 22 it was shown that these "rest correlations", the deviations of ω 2 (l,m,n) + η m2 h 22 -(l,m,n) from 0, at η m2 ) 1 can significantly be reduced by using an intramolecular distribution function, ω 2 (u,v,w), that (partly) excludes intramolecular segmental overlaps (e.g., the intramolecular distribution of a nonreversal random walk). At lower packing fractions, the absence of excluded volume in ω 2,RF (u,v,w) is also responsible for the inaccuracy of the polymer-RISM theory. Consider a lattice fluid at bulk packing fraction η m2 f 0 near a nonattracting wall. For that case, g 12 (l) can be expressed with help of eqs 9 and 10 as From eq 20 it is seen that g 12 (l) is fully determined by the bulk intramolecular distribution function. The equation also shows that the adsorption profiles of the athermal and interacting fluid display the same limiting value of g 12 (l) (full lines in Figure 3 ), because we have taken the same ω 2,RF (u,v,w) in the calculation of the adsorption profiles of both fluids. Note from Figure 3 that the values of g 12 (l) calculated from the SF theory do also meet at η m2 f 0. In the SF theory, this "single chain adsorption" limit is determined by the wall-fluid interaction. The g 12 (l) values observed for the simulated fluids also tend to meet at η m2 f 0, although slightly different values for g 12 (l) are expected in the simulations, because the average conformations of isolated interacting and athermal chains are expected to be different. Now, if in eq 20, we replace the random flight intramolecular distribution terms ω 2,RF -(0,m,n) and ω 2,RF (1,m,n) by the corresponding nonreversal random walk terms ω 2,NRRW (0,m,n) and ω 2,NRRW (1,m,n) (see refs 22 and 23 for the calculation of the ω 2,NRRW terms), we observe a lowering of g 12 (l) from 0.399 to 0.268. Figure  3 shows that this is a very significant improvement of the polymer-RISM based adsorption theory.
Use of a NRRW intramolecular distribution function instead of a RF intramolecular distribution not only lowers g 12 (l) at η m2 f 0 but also increases g 12 (l) at η m2 ) 1, as already discussed. Therefore, the density dependence of g 12 (l) is expected to be closer to the η m2 dependence observed from the simulations, if a NRRW intramolecular distribution is used in the theory of section 2.1. Thus far we have not undertaken calculations with this improved intramolecular distribution function. In a later stage, it might also be necessary to incorporate the effects of the wall on the average conformation of the molecules.
Before the equation of state results are examined, some words of caution concerning the applicability of the integral equation theory in combination with approximate closures, such as the PY closure used here, are appropriate. For a monatomic continuum fluid, it has been found that at a solid wall the theory is quite successful in the case of athermal fluids. However, in the case of interparticle attractive interactions, the use of the PY approximation leads to the prediction 41 that the contact value at the wall obeys g 12 (0) ) (∂ P/∂η) 1/2 , which can be considerably different from the exact result g 12 (0) ) P/η. 42 Furthermore it has been demonstrated that integral equation theories in combination with approximate closures, such as the PY one, are unable to account for the complete wetting by liquid occurring at the solid-gas interface or the complete wetting by gas at a purely repulsive substrate at the solid-liquid interface. 43 Keeping this in mind one may anticipate similar difficulties with the polymer-RISM theory discussed here. Fortunately, in the case of polymeric fluids the occurrance of the gas-liquid transition is of no real practical consequence and these deficiencies are most likely only of minor importance.
Equation of
State. In this section some results obtained with the wall EoS, eq 19, are presented and compared to MC simulations and to EoS obtained previously from the compressibility-Porcus-Yevick (c-PY) and energy-mean spherical approximation (e-MSA) route. 22, 23 In Figures 4and 5we have plotted the compressibility factor pv 0 s/k B Tη m2 obtained via MC simulation (b), the wall route (full line), the c-PY route (dotted line), and the e-MSA route (dashed line) for a 30 mer fluid with segmental interaction strengths of u attr ) 0 (Figure 4) , and -0.2k B T (Figure 5) . The integration over φ in the wall-EoS was performed numerically and interpolates between values of η(1) ) η m2 g 12 (l) calculated for 15 wallfluid interaction strengths varying from u 12 (1) f ∞ (φ ) 0) to u 12 (1) ) 0 (φ )1). In Figure 4 , the e-MSA EoS is not shown, because it reduces to the c-PY EoS in this case of an athermal fluid. The lines depicted in the two figures all use the random flight intramolecular distribution, given by eq 5. Clearly, none of the routes (c-PY, e-MSA, wall) results in an EoS that reasonably reproduces the MC results, although the absolute values of the compressibility factor, pv 0 s/k B Tη m2 are the best for the wall EoS. The c-PY and e-MSA EoS have been discussed in detail elsewhere. 22, 23 There it was found that these EoS are extremely sensitive to the exact form of the intramolecular distribution function that is used. The c-PY and e-MSA EoS show the correct ideal gas limit, pv 0 s/k B Tη m2 ) 1 for η m2 f 0. This is in contrast to the wall EoS which, not surprisingly, does not show this limit. This is a result of the absence of excluded chain volume in ω 2,RF (u,v,w) . It was shown in the previous subsection that if ω 2,RF (u,v,w) is used, then g 12 (l) is overestimated at η m2 f 0 (see Figure  3 ). Such will also be the case for a repulsive wall, and hence, the compressibility factor calculated from g 12 (l) via eq 19 will be overestimated at η m2 f 0. Therefore, an improved intramolecular distribution function will certainly lead to an improved compressibility factor at η m2 f 0. The physically correct ideal gas limit will not be obtained easily, because in that case g 12 (l) has to be known exactly. Note from eq 18 that in the case of a monomeric fluid, g 12 (l) attains the value g 12 (l) ) eu 12 (1) in the limit η m2 f 0. Thus, insertion of g 12 (l) in the wall EoS does, in the case of a monomeric fluid, indeed produce the correct ideal gas limit pv 0 /(k B T η m2 ) ) 1.
From Figures 4 and 5 it is also seen that the pressure calculated from the wall EoS does not rise to infinity at η m2 f 1, again due to the use of ω 2,RF (u,v,w) : the physically correct adsorption profile, g 12 (l) ) 1, for which the compressibility factor does go to infinity (see eq 19), will only be obtained if there are no "rest correlations" at η m2 f 1, thus if ω 2 (l,m,n) + η m2 h 22 (l,m,n) ) 0 for all (l,m,n) (see eq 9). As shown previously, 22 reductions of the "rest correlations", and thus improvements of the high-density limit of the EoS, are obtained if ω 2,RF (u,v,w) is replaced by ω 2,NRRW (u,v,w) . Note from eq 18 that monomeric fluids do again behave correctly at a fully packed lattice: g 12 (l) ) 1, and from eq 19 it is then seen that the pressure does rise to infinity for a fully packed monomeric lattice fluid.
Conclusions
In this work we have obtained the adsorption profiles of polymeric lattice fluids near an impenetrable wall via a polymer-RISM theory based approach. Calculated profiles for 30 mer fluids near a noninteracting wall have been compared to NpT Monte Carlo simulations and to the Scheutjens-Fleer (SF) theory. 7 The results of the comparison of both theories to the simulations indicate that the SF theory is more accurate than the polymer-RISM based theory at all packing fractions.
We have also obtained results for the EoS of the bulk fluid from the adsorption profiles. 21 The EoS results have been compared to simulation results and to previously obtained results based on the compressibility-PY and energy-MSA route. 22, 23 The absolute values of the compressibility factor obtained via the wall EoS are shown to be an improvement over the values calculated via the compressibility-PY and energy-MSA route, although the wall EoS does not display the correct high and low density limits.
It is shown that the reason for the observed deficiencies of the theory can be largely attributed to the absence of excluded volume in the intramolecular distribution function that was employed. It is made plausible that an improved intramolecular distribution function, e.g., a NRRW scheme, will result in improved adsorption profiles and EoS. Such improvements are straightforward, and since the adsorption profiles obtained from the SF formalism are certainly not perfect (at low density), we think that it is worthwhile to further investigate the method presented here, the more so because it is numerically simple.
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